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(54) OPTICAL COUPLER AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To provide the optical coupler which does not require axis alignment 
and can be easily produced and the process for production of this optical coupler. 
CONSTITUTION: This optical coupler 3 has a flat plate microlens 4 which is 
formed with Q microlenses 12 on the front end face 1 la of a transparent substrate 
1 1 and is adjusted in thickness so as to form the focuses P of the microlenses 4 at 
the rear end face 1 lb and a silicon guide plate 5 which is adhered to the rear end 
face 1 lb thereof This siHcon guide plate 5 has guide holes 16 formed in such a 
manner that optical fibers 6 can be inserted and adhered therein. These guide holes 
16 are formed in the positions where the focuses of the microlenses 12 are included 
within the cores of the optical fibers 6 inserted therein. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the guide which was equipped with the following and formed the aforementioned 
silicon guide plate possible [ fit-in and adhesion of an optical fiber ] - a hole - having ~ a guide 
-- the optical coupling machine characterized by a hole forming and growing into the position 
included by incore [ of the optical fiber which the focus of the aforementioned microlens fitted in 
] The monotonous micro lens which adjusts thickness and changes so that one or more 
microlenses may be formed in the fi-ont end face of a transparent substrate and the focus of the 
aforementioned microlens may be formed in a back end face The silicon guide plate psisted up on 
the back end face 

[Claim 2] The manufacture method of the optical coupling machine characterized by providing 
the following The process which adjusts the thickness of the monotonous micro lens which 
formed one or more microlenses in the front end face of a transparent substrate so that the focus 
of the aforementioned microlens may be formed in the back end face the guide which carries out 
a laminating to the aforementioned monotonous micro lens - the process which manufactures 
the single-crystal-silicon guide plate which has a hole by anisotropy chemical etching the back 
end face of the aforementioned monotonous micro lens — the aforementioned silicon guide plate 
- a guide ~ the process pasted up so that the center of a hole may be mostly in agreement with 
the focus of the aforementioned microlens 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with the optical coupling machine used in order to carry out 
incidence of the emission light firom the light sources, such as laser diode (LD) and light emitting 
diode (Light Emitting Diode), to an optical fiber efficient, and its manufacture method. 

[0002] 

[Description of the Prior Art] In the application field of optical communication, optical LAN, 
CATV, and a fiirther are spreading to transmission systems, such as a subscriber system of a 
public communication channel. When building such a transmission system, the optical coupling 
machine which combines the light source and an optical fiber efficient is indispensable. 
Conventionally, as a method of combining the light source in this kind of optical coupling 
machine, and an optical fiber, there are the joining-together method by end-face processing of an 
optical fiber, an one-sheet lens joining-together method, the two-sheet lens joining-together 
method, etc. 



[0003] As a joining-together method by end-face processing of an optical fiber, as shown, for 
example in drawing 4 (a), what processed the nose of cam of an optical fiber spherically, the 
thing which processed the nose of cam in the shape of a taper as shown in this drawing (b) are 
used. Although it is combined efficient in order to combine these joining-together methods in the 
place where the light beam from the light source LD seldom spreads from an optical fiber core, 
the noise by reflection of the light from a fiber occurs, or there are problems, like in a 
substantially, alignment is difficult and imperfect alignment tolerance is severe. 
[0004] As an one-sheet lens joining-together method, there is a method using the sphere lens 
shown in drawing 5 (a) and the distribution refractive-index lens shown in this drawing (b) etc. 
The light which spreads outside the light-receiving angle of a lens although these one-sheet lens 
joining-together methods are compared with the method by end-face processing of an optical 
fiber and imperfect alignment tolerance is eased is lost, and joint efficiency is a low. 
[0005] There is the method of using what uses two sphere lenses shown in drawing 6 (a) as a 
two-sheet lens joining-together method, the sphere lens shown in this drawing (b), and a 
distribution refractive-index rod lens etc. Although imperfect alignment tolerance is eased most, 
there are many parts, and these methods are not easy to manufacture and are unsuitable for mass- 
production-izing. 

[0006] In order for the above to all combine simultaneously the one light source LD and two or 
more optical fiber arrays about the method of combining the light source LD and one optical 
fiber, the fiirther above-mentioned trouble is expanded. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention cancels an above-mentioned trouble, its 
axial doubling is unnecessary, and manufacture aims at offering an easy optical coupling 
machine and its manufacture method. 
[0008] 

[Means for Solving the Problem] The monotonous micro lens which adjusts thickness and 
changes so that the optical coupling machine of this invention may form one or more 
microlenses in the front end face of a transparent substrate and the focus of the aforementioned 
microlens may be formed in a back end face, the guide which was equipped with the silicon 
guide plate pasted up on the back end face, and formed the aforementioned silicon guide plate 
possible [ fit-in and adhesion of an optical fiber ] - a hole - having - a guide - a hole forms and 
grows into the position included by incore [ of the optical fiber which the focus of the 
aforementioned microlens fitted in ] 

[0009] And the process which adjusts the thickness of the monotonous micro lens by which the 
manufacture method of this optical coupling machine formed one or more microlenses in the 
front end face of a transparent substrate so that the focus of the aforementioned microlens may 
be formed in the back end face, the guide which carries out a laminating to the aforementioned 
monotonous micro lens - with the process which manufactures the single-crystal-silicon guide 
plate which has a hole by anisotropy chemical etching the back end face of the aforementioned 
monotonous micro lens - the aforementioned silicon guide plate - a guide - it consists of the 
process pasted up so that the center of a hole may be mostly in agreement with the focus of the 
aforementioned microlens 
[0010] 

[Function] the guide prepared in the silicon guide plate - only by fitting the nose of cam of an 
optical fiber in a hole, and pasting it, since incidence of the light is carried out to incore [ of an 
optical fiber ] when incidence of the parallel light is carried out from the front of a monotonous 



micro lens, the light from the light source can be transmitted to an optical fiber efficient 
[00 11] If precision improves a monotonous micro lens and a silicon guide plate separately 
adjustment manufacture, alignment of both is carried out and it pastes up, integration can be 
done easily. 
[0012] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. Drawing 
i is drawing showing the busy condition of the optical coupling machine of this invention, 
[0013] In drawing 1 , the coUimate lens v^th which 1 distributes the semiconductor laser as the 
light source, and 2 distributes the outgoing radiation light from semiconductor laser 1, the optical 
coupling machine which 3 is equipped with the monotonous micro lens 4 and the silicon guide 5, 
and changes, and 6 are optical fibers. 

[0014] The monotonous micro lens 4 forms the microlens [ a large number (in the example of 
illustration, since it is easy, four pieces have been illustrated) one or more ] 12 in front end-face 
1 la of the transparent substrate 1 1 . And thickness T of the monotonous micro lens 4 has 
thickness by which the focus P of a microlens 12 is formed in back end-face lib of the 
transparent substrate 1 1 . The monotonous micro lens 4 can such be manufactured by planar 
technique. That is, the microlens 12 which becomes small so that a refractive index may 
approach the thing of a transparent substrate one by one toward an outside is formed by making 
it immersed in melting Shiouchi containing the large ion of contribution of the field which stuck 
the mask for ion transparency prevention which has partem opening into the portion of the 
microlens 12 of the transparent substrate 1 1, and subsequently stuck this mask to refractive 
increment, such as a thallium and caesium, and making the ion exchange perform automatically. 
Thus, the tropia state of the manufactured monotonous micro lens 4 is shown in drawing 2 , and 
semi-sphere partial 12a is the boundary of the portion and transparent substrate from which a 
refractive index differs. 

[0015] drawing 2 - setting - the silicon guide 5 - the silicon single crystal plate 15 - the guide 
of a **** square drill configuration - it has a hole 16 The length of the side of the square of a 
square drill head is made almost equal to the outer diameter of the optical fiber 6 to fit in. and the 
medial axis A of a microlens 12 ~ a guide - in agreement with the medial axis of a hole 16 - as 
- a guide ~ the hole 16 is arranged and the state where back end-face 1 lb of the monotonous 
micro lens 4 and the silicon single crystal plate 15 pasted up as shown in drawing 1 ~ an optical 
fiber 6 - a guide - if it fits in a hole 16, the focus P of a microlens 12 will serve as a position 
included by the core of an optical fiber 6 moreover, an optical fiber 6 and a guide - if inclination 
space 16a between holes 16 is filled up with proper adhesives, an optical fiber 6 is fixable 
[0016] Such a silicon guide 5 is manufactured by anisotropy chemical etching, and explains the 
process by drawing 3 . Setting to drawing 3 (a), 17 is Si02. It is a thermal oxidation film and is 
formed of steam oxidation, pressurizafion oxidization, etc. In ** (b), the photoresist film 18 is 
applied on the thermal oxidation film 17 of one side of the silicon single crystal plate 15. The 
predetermined mask aperture 19 is formed in the photoresist film 18 in ** (c). In ** (d), the 
thermal oxidation film 17 under the mask aperture 19 by buffer fluoric acid, in the 

direction of 90 degree, in ** (e), the silicon single crystal plate 15 carries out anisotropic etching 
by EPW (ethylenediamine pyrocatechol solution) - having - a **** square drill-like guide ~ a 
hole is formed In ** (f), the thermal oxidation film 17 is removed by buffer fluoric acid, and the 
silicon guide 5 of a request configuration is obtained. 

[0017] And like drawing 2 , a medial axis A is made in agreement, the monotonous micro lens 4 
and the silicon guide 5 are pasted up, and the optical coupling machine 3 of drawing 1 is 



obtained, namely, the process which manufactures the monotonous micro lens 4 of a 
predetermined size alone as a manufacturing process, the process which manufactures the silicon 
guide 5 of a predetermined size alone, and back end-face 1 lb of the monotonous micro lens 4 - 
the silicon guide plate 5 - a guide - it consists of the process pasted up so that the center of a 
hole 16 may be mostly in agreement with the focus of a microlens 12 If the monotonous micro 
lens 4 is manufactured with a sufficient precision and the silicon guide plate 5 is manufactured 
with a sufficient precision, two or more optical fibers can be simultaneously combined only by 
carrying out axial doubling of both, and integration of a multi-mode optical fiber array will be 
attained easily. 

[0018] Below, drawing 1 explains the operation of the optical coupling machine 3 manufactured 
by doing in this way. The outgoing radiation light from semiconductor laser 1 is distributed to 
each microlens 12 by the collimate lens 2. And it is condensed by Focus P by each microlens 12. 
Since this focus P is located so that it may be included by incore [ of the fitted-in optical fiber 6 
], it carries out incidence of the condensed light to an optical fiber 6. By the medial axis of an 
optical fiber 6, and coincidence of a focal P position, the joint efficiency of semiconductor laser 
1 and a multi-mode optical fiber array is 52.3%, and was able to acquire the value near 56.4% of 
theoretical values. 
[0019] 

[Effect of the Invention] The monotonous micro lens which adjusts thickness and changes so that 
the optical coupling machine of this invention may form one or more microlenses in the front 
end face of a transparent subsfrate and the focus of the aforementioned microlens may be formed 
in a back end face. It has the silicon guide plate pasted up on the back end face, the 
aforementioned silicon guide plate A hole is what forms and grows into the position included by 
incore [ of the optical fiber which the focus of the aforementioned microlens fitted in ]. the guide 
formed possible [ fit-in and adhesion of an optical fiber ] - a hole ~ having ~ a guide - a guide - 
- only by fitting the nose of cam of an optical fiber in a hole, and pasting it, the light from the 
light source can be transmitted to an optical fiber efficient, and troublesome axial doubling 
becomes unnecessary Therefore, it can integrate easily and a mass parallel optical transmission 
becomes possible. 

[0020] And the process which adjusts the thickness of the monotonous micro lens by which the 
manufacture method of this optical coupling machine formed one or more microlenses in the 
front end face of a transparent substrate so that the focus of the aforementioned microlens may 
be formed in the back end face, the guide which carries out a laminating to the aforementioned 
monotonous micro lens ~ with the process which manufactures the single-crystal-silicon guide 
plate which has a hole by anisotropy chemical etching It is what consists of the process pasted up 
so that the center of a hole may be mostly in agreement with the focus of the aforementioned 
microlens. the back end face of the aforementioned monotonous micro lens ~ the 
aforementioned silicon guide plate ~ a guide ~ Since what is necessary is just for precision to 
improve a monotonous micro lens and a silicon guide plate separately adjustment manufacture, 
to carry out alignment of both, and to paste up, manufacture is easy. 



[Translation done.] 
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